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OPTICAL SCANNING APPARATUS, METHOD 
OF CONTROLLING AMOUNT OF LIGHT, 
AND IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of controlling an 

amount of light in an optical scanning apparatus used in an 
image forming apparatus. 

2. Description of the Related Art 
In an electrophotographic-type image forming apparatus, 

an important factor in terms of maintaining image quality is to 
perform precise control of the amount of light in an optical 
scanning apparatus that outputs a laser beam for forming an 
electrostatic latent image. Generally, in control of the amount 
of light, What is controlled is the relationship betWeen a 
driving current applied to the light source and the amount of 
light in the light beam emitted from the light source. 

In an optical scanning apparatus, generally the FFP (Far 
Field Pattern) and optical axis ?uctuate in accordance With 
differences in image height (scanning position in a main 
scanning direction of photosensitive member) and amount of 
light. On the other hand, in accordance With Japanese Patent 
Laid-Open No. 2005-262485, one scanning line is divided 
into a plurality of correction intervals and correction data in 
each correction interval is determined. Further, Japanese 
Patent Laid-Open No. 2005-262485 proposes that correction 
data applied to any image height be calculated by interpola 
tion processing and that the amount of light be calculated 
using the calculated correction data. 

In accordance With the invention described in the speci? 
cation of Japanese Patent Laid-Open No. 2005-262485, the 
amount of light With Which a photosensitive drum is irradi 
ated can probably be made uniform. HoWever, in order to 
achieve a greater improvement in image quality, a uniform 
surface potential (dark potential or highlight potential) of the 
latent image formed on the photo sensitive drum is required. If 
the surface potential cannot be made uniform, an unevenness 
in density Will occur When the latent image is developed as by 
toner. This is undesirable. 

In general, obtaining a constant sensitivity characteristic in 
all areas on the surface of a photosensitive drum is exceed 
ingly dif?cult in terms of the manufacturing process. The 
reason is that since a photoconductive layer is formed on the 
photosensitive drum While the photosensitive drum is being 
rotated, the ?lm thickness of the photoconductive layer can 
not be rendered constant oWing to uneven vacuum deposition. 
Preferably, therefore, the amount of light in each area of the 
drum surface should be corrected taking into consideration 
the fact that the sensitivity characteristic of the photosensitive 
drum is not uniform. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention seeks to solve at least 
one problem among this and other problems. For example, the 
present invention seeks to unifor'maliZe the surface potential 
of dark or highlight portions of a latent image, Which is 
formed on an image carrier, by correcting the amount of light 
in accordance With a sensitivity characteristic that is uneven 
in areas across the image carrier. Other problems Will be 
understood from the entirety of the speci?cation. 

The present invention is applicable to an optical scanning 
apparatus for irradiating an image carrier With a light beam 
emitted from a light source. By Way of example, the optical 
scanning apparatus includes an approximation formula deter 
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2 
mination unit, a sensitivity correction value determination 
unit and a bias current controller. The approximation formula 
determination unit determines an nth-order approximation 
formula and an mth-order approximation formula (Where n 
and m are natural numbers and m>n holds), Which represent 
the sensitivity characteristic of the image carrier along the 
main-scanning direction thereof, from sensitivity data repre 
senting the sensitivity of each area obtained by dividing the 
surface of the image carrier into a plurality of areas. The 
sensitivity correction value determination unit determines a 
sensitivity correction value, Which is a correction value of 
sensitivity in each area, from the nth-order approximation 
formula and mth-order approximation formula. The bias cur 
rent controller controls a bias current, Which is applied to the 
light source, in accordance With the sensitivity correction 
value. 

The optical scanning apparatus further includes an 
amount-of-light controller and a sWitching current controller. 
The amount-of-light controller controls the amount of light, 
Which is output from the light source, so as to obtain a target 
amount of light. The sWitching current controller controls a 
sWitching current, Which is applied to the light source, in 
accordance With the sensitivity correction value and a current 
value that is for obtaining the target amount of light deter 
mined by the amount-of-light controller. 

Further features of the present invention Will become 
apparent from the folloWing description of exemplary 
embodiments With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating an optical scanning appa 
ratus according to an embodiment of the present invention; 

FIG. 2 is a block diagram of a controller of an image 
forming apparatus according to the embodiment; 

FIG. 3 is a block diagram illustrating the details of a laser 
driving unit according to the embodiment; 

FIG. 4 is a block diagram exemplifying a sensitivity cor 
rection value generator according to the embodiment; 

FIGS. 5A to 5C are diagrams useful in describing a mecha 
nism Whereby sensitivity unevenness occurs on a photosen 
sitive drum; 

FIG. 6 is a diagram illustrating the manner in Which the 
surface of a photosensitive drum is divided into a plurality of 
areas according to the embodiment; 

FIG. 7 is a ?owchart illustrating an example of a method of 
calculating a sensitivity correction value according to the 
embodiment; 

FIGS. 8A to 8C are diagrams illustrating examples of a 
fourth-order approximation formula and a ?rst-order 
approximation formula determined With regard to a ?rst (A) 
roW; 

FIGS. 9A to 9C are diagrams illustrating examples of a 
fourth-order approximation formula and a ?rst-order 
approximation formula determined With regard to an 1 1th (K) 
roW; 

FIGS. 10A to 10C are diagrams illustrating examples of a 
fourth-order approximation formula and a ?rst-order 
approximation formula determined With regard to an 24th (X) 
roW; 

FIGS. 11A to 11C are diagrams illustrating examples of 
main-scan correction coe?icients; 

FIGS. 12A to 12C are diagrams illustrating examples of 
sub-scan correction coef?cients; 

FIG. 13 is a diagram illustrating an example of a method of 
correcting potential of a latent image on a photosensitive 
drum according to the embodiment; and 
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FIG. 14 is a schematic sectional vieW of an image forming 
apparatus according to the embodiment. 

DESCRIPTION OF THE EMBODIMENTS 

Embodiments of the present invention Will be illustrated 
beloW. The individual embodiments described beloW Will be 
useful in order to understand various concepts of the present 
invention, such as broader, intermediate and narroWer con 
cepts thereof. Further, the technical scope of the present 
invention is determined by the scope of the claims and is not 
limited by the individual embodiments set forth beloW. 

First Embodiment 

[Con?guration of Apparatus] 
FIG. 1 is a diagram illustrating an optical scanning appa 

ratus 100 according to an embodiment of the present inven 
tion. The optical scanning apparatus 100, Which has a light 
source for irradiating an image carrier With a light beam, is 
also referred to as an exposure apparatus or scanner appara 
tus. The optical scanning apparatus 100 has a laser unit 104 
constituted by a laser driving unit 101, a semiconductor laser 
102 and a collimator lens 103. It should be noted that the 
semiconductor laser 102 is merely one example of a light 
source for outputting a light beam and that light sources of 
other types may be employed. 

The laser beam (light beam) emitted from the semiconduc 
tor laser 102 arrives at a polygonal mirror 106 upon passing 
through a cylindrical lens 105. The polygonal mirror 106 is 
one example of a rotating polygonal mirror for de?ecting the 
laser beam While rotating so as to scan the laser beam across 
the image carrier. A scanner motor unit 107 drives the polygo 
nal mirror 106 so as to rotate the polygonal mirror 106 at a 
uniform angular speed. The laser beam de?ected by the 
polygonal mirror 106 impinges upon an f-G lens 108. Laser 
beam L2 that has passed through the f-@ lens 108 is re?ected 
by a re?ecting mirror 109 and is scanned across the surface of 
a photosensitive drum 110, thereby exposing the surface to 
light. It should be noted that the f-@ lens 108 converts the laser 
beam L2 in such a manner that the path of the laser beam L2 
undergoes motion at a constant velocity in a direction (main 
scanning direction) at right angles to the direction (sub-scan 
ning direction) in Which the photosensitive drum 110 rotates. 
An electrostatic latent image is formed on the surface of the 
photosensitive drum 110 by the laser beam L2. 
On the other hand, a laser beam L1 is a laser beam at an 

edge portion of the scanning range of the laser beam. The 
laser beam L1 is not used in image formation. Instead, the 
laser beam L1 is received by a BD sensor 120. Here “BD” is 
the abbreviation of “beam detection”. The output signal from 
the BD sensor 120 is utiliZed as image-Write timing. 

FIG. 2 is a block diagram of a controller of an image 
forming apparatus according to this embodiment. Compo 
nents in FIG. 2 similar to those shoWn in FIG. 1 are designated 
by like reference characters. The image forming apparatus is 
equipped With the optical scanning apparatus 100. The optical 
scanning apparatus 100 is used in order to form an electro 
static latent image by scanning the surface of the image car 
rier With a light beam conforming to image information. 
A laser driving circuit 201 controls the driving current of 

the semiconductor laser 102, Whereby the semiconductor 
laser 102 is caused to emit light steadily in a prescribed 
amount (intensity). The semiconductor laser 102 has a laser 
diode (LD) 202 and a photodiode (PD) 203. The LD 202 is a 
light source that outputs a laser beam. The PD 203 is a 
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4 
measuring element for measuring the amount of light in the 
laser beam. The laser driving circuit 201 outputs a driving 
current Ild to the LD 202. The driving current Ild conforms to 
the amount of light (a PD current Im) measured by the PD 
203. An amount-of-light adjusting variable resistor 204 con 
verts the PD current Im to a voltage value, generates a PD 
voltage signal and outputs this signal to the laser driving 
circuit 201. 
An EEPROM 205 is a non-volatile storage device. A driv 

ing current control circuit 207 is a control circuit for control 
ling the laser driving circuit 201 in accordance With various 
signals received from an image controller 220. 
An engine controller 210 is a control unit for controlling 

the image controller 220, receiving information, Which is 
output from the EEPROM 205, via the image controller 220 
and storing this information in a backup memory 230. In 
accordance With this embodiment, the engine controller 210 
functions as a determination unit for determining an amount 
of-light adjustment value. The amount-of-light adjustment 
value is uniformly applied to each image height on the image 
carrier and represents the driving current supplied to the light 
source. The engine controller 210 generates an amount-of 
light setting signal 211 and outputs the signal to the image 
controller 220. The amount-of-light setting signal 211 is a 
signal for conveying an amount-of-light setting value that is 
used in order to set the amount of light in LD 202. 

Further, the engine controller 210 reads out sensitivity 
data, Which has been stored in an EEPROM 241 provided for 
the photosensitive drum 110, and stores the sensitivity data in 
the backup memory 230. The EEPROM 241 is one example 
of a storage unit provided for the image carrier in order to 
store the sensitivity data. Further, the engine controller 210 is 
connected to an HP (home position) sensor 240 for sensing a 
reference home position of the photosensitive drum 1 1 0 along 
the sub-scanning direction of the photosensitive drum 110. 
The signal (HP signal) indicating the home position sensed by 
the HP sensor 240 is transferred to the image controller 220 
and is utiliZed in order to determine image-Write timing. The 
HP signal is output once per revolution of the photosensitive 
drum 110. 
The image controller 220 is one control unit With Which the 

image forming apparatus is equipped and serves as a bridge 
for data betWeen the engine controller 210 and optical scan 
ning apparatus 100. For example, the image controller 220 
outputs data and information, Which has been read out of the 
EEPROM 205, to the engine controller 210, generates various 
control signals and outputs these signals to the laser driving 
circuit 201. 
A sensitivity correction value generator 221 generates a 

sensitivity correction value (main-scan correction coef?cient 
and sub-scan correction coe?icient) for correcting the 
amount of light in accordance With the sensitivity character 
istic of the image carrier and outputs this value to the optical 
scanning apparatus 100. The sensitivity correction value gen 
erator 221 is one example of an approximation formula deter 
mination unit for determining an nth-order approximation 
formula and an mth-order approximation formula (Where n 
and m are natural numbers and m>n holds), Which represent 
the sensitivity characteristic of the image carrier along the 
main-scanning direction thereof, from sensitivity data repre 
senting the sensitivity of each area obtained by dividing the 
surface of the image carrier into a plurality of areas. The 
sensitivity correction value generator 221 is one example of a 
sensitivity correction value determination unit for determin 
ing a sensitivity correction value, Which is a correction value 
of sensitivity in each area, from the nth-order approximation 
formula and mth-order approximation formula. 
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FIG. 3 is a block diagram illustrating the details of the laser 
driving unit according to this embodiment. An amount-of 
light control circuit (APC CTL) 300 is a circuit that is at the 
center of control of amount of light. Input to the amount-of 
light control circuit (APC CTL) are a PD voltage signal 
corresponding to the above-mentioned PD current Im, and a 
reference voltage that has been output from a reference volt 
age generating circuit (V ref) 301. 
A mode control circuit 302 is a circuit for sWitching among 

a plurality of control modes in accordance With a mode con 
trol signal that enters from the image controller 220. 
Examples of the plurality of modes are an amount-of-light 
adjustment mode, a current retention mode, a data output 
mode and a sample mode. 

The amount-of-light adjustment mode is used in that part 
of the laser-beam scanning period that is a non-image forming 
interval, namely an interval in Which an image is not formed. 
The current retention mode and a data output mode are used 
in that part of the laser-beam scanning period that is an image 
forming interval, namely an interval in Which an image is 
formed. The mode control circuit 302 supplies the amount 
of-light control circuit 300, etc., With a signal indicating 
Which mode is being applied. 

In a case Where the amount-of-light adjustment mode has 
been set, the amount-of-light control circuit 300 compares the 
PD voltage signal and the reference voltage and increases or 
decreases the set value of sWitching current IsW in accordance 
With the result of the comparison. In accordance With the set 
value of sWitching current, a sWitching current control circuit 
(IsW CURRENT CTL) 320 adjusts the driving current Ild 
supplied to the LD 202. As a result, the amount of light of the 
laser beam that is output from the LD 202 can be controlled to 
obtain a prescribed amount of light. Thus, the amount-of 
light control circuit 300 is one example of an amount-of-light 
controller for controlling, to a target value, the amount of light 
that is output from the light source. 

Further, the amount-of-light control circuit 300 determines 
the set value of bias current Ib. For example, the amount-of 
light control circuit 300 determines a driving current value, 
Which is for achieving an amount of light that is one-fourth 
the target amount of light, as a light-emission starting current 
value, and either divides the light-emission starting current 
value by a prescribed current value or subtracts the latter from 
the former to thereby determine the set value of bias current 
lb. 

The sWitching current control circuit 320 generates and 
outputs the driving signal of a current driver based upon the 
set value of sWitching current and a correction value of 
sWitching current. The correction value of sWitching current 
is data that is output by the driving current control circuit 207 
in accordance With the sensitivity correction value (:main 
scan correction coe?icient). Thus, the sWitching current con 
trol circuit 320 is one example of a sWitching current control 
ler for controlling the sWitching current applied to the light 
source in accordance With the sensitivity correction value and 
the current value that is for obtaining the target amount of 
light. 
A bias current control circuit 321 generates and outputs 

bias current based upon the set value of bias current and 
correction value of bias current. The correction value of bias 
current is data that is output by the driving current control 
circuit 207 in accordance With the sensitivity correction value 
(sub-scan correction coe?icient). The bias current that has 
been output from the bias current control circuit 321 is added 
to an output signal that has been output from a current driver 
307 to obtain the driving current Ild. It should be noted that 
the bias current control circuit 321 is one example of a bias 
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6 
current controller for controlling bias current applied to the 
light source in accordance With the sensitivity correction 
value. The correction value of bias current corresponds to the 
sensitivity correction value, described later. 

In a case Where the current retention mode has been set, the 
amount-of-light control circuit 300 maintains the set value of 
sWitching current, Which has been set in the immediately 
preceding amount-of-light adjustment mode. In a case Where 
the data output has been set, the sWitching current control 
circuit 320 outputs a driving current conforming to a differ 
ential data signal that enters from the image controller 220 
and the set value of sWitching current that is output from the 
amount-of-light control circuit 300. 
A differential receiver (LVDS) 305 is a circuit for receiving 

the differential data signal, Which enters from the image con 
troller 220. In accordance With the mode designated in the 
mode control circuit 302, an output selection circuit (OUT 
PUT SELECT) 306 turns on and off sWitching signals SWa, 
SWb that are output to the current driver 307. For example, 
When the sample mode has been designated, the sWitching 
signal SWa is turned on and the sWitching signal SWb is 
turned off. When the data output mode has been designated, 
the sWitching signals SWa and SWb are output in accordance 
With the differential output signal that is output from the 
differential receiver 305. 
The current driver 307 is a differential ampli?er circuit in 

Which a ?rst transistor 308 and a second transistor 309 have 
their emitter terminals connected together. The signal that is 
output by the sWitching current control circuit 320 is input to 
the emitter terminals. The sWitching signal SWa is input to the 
base terminal of the ?rst transistor 308. The sWitching signal 
SWb is input to the base terminal of the second transistor 309. 
Thus, the ?rst transistor 308 drives the sWitching of the LD 
202 based upon these signals. The second transistor 309 
drives the sWitching of a load resistor 310 based upon the 
signal output by the sWitching current control circuit 320 and 
the sWitching signal SWb. 

FIG. 4 is a block diagram exemplifying the sensitivity 
correction value generator according to this embodiment. A 
sensitivity correction value arithmetic unit 401 reads out sen 
sitivity data (DATA), Which has been stored in the backup 
memory 230, through the engine controller 210. The sensi 
tivity correction value arithmetic unit 401 therefore is one 
example of a readout unit for reading sensitivity data out of 
the storage unit With Which the image carrier is provided. The 
sensitivity correction value arithmetic unit 401 has an input 
device and communication device as an input unit for input 
ting sensitivity data. 

The sensitivity correction value arithmetic unit 401 gener 
ates a main-scan correction coe?icient CP and sub-scan cor 
rection coe?icient CS in accordance With a method of deter 
mining a sensitivity correction value, described later. The 
sensitivity correction value arithmetic unit 401 calculates a 
maximum value Smax of sensitivity and outputs this value to 
the engine controller 210. The latter generates an amount-of 
light correction value D and a set value Ibset of bias current 
from the entered maximum value of sensitivity. For example, 
the amount-of-light adjustment value D is determined to be a 
value that is 100% of the maximum value Smax of sensitivity. 
Further, the set value Ibset of bias current is determined to be 
a value that is 10% of the maximum value Smax of sensitivity. 
A higher-order correction value generating circuit 402 gen 

erates a higher-order correction value Ch from the main- scan 
correction coe?icient CP, Which has entered from the sensi 
tivity correction value arithmetic unit 401, upon detecting a 
main-scan correction starting signal PM”, Which is output 
from a main-scan correction control circuit 403. The higher 










